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Chemo- and enantioselective enzymatic hydrolysis of (±)-
methyl O-acetylmandelates using AmanoPS has been
described with very high yields and optical purity of the
products.
The utility of enantiopure enzymatic mandelic acid
derivatives has been well-proved in practice. These
compounds are generally prepared by conventional
resolution', asymmetric synthesist, microbial
3 . .4-6Thconversions and enzymatic preparations e
enzyme catalyzed transesterification of (±)-methyl
mandelate and its acetyl derivatives 1 is knowrr' in
the literature with 25-61 % conversions and 82-
99% ee of one of the isomers while the optical
purities obtained6 during the enzymatic hydrolysis
of methyl mandelates were low to moderate (15 to
85% ee). Our recent success" with enzymatic
resolution of chiral intermediates of (+)-diltiazem
using AmanoPS encouraged us to target the
enzymatic reaction on 1 to obtain higher
selectivities, and we herein report a highly efficient
enzymatic hydrolysis of 1 (Scheme I).
The (±)-methyl mandelate on treatment with
AC20fPy for 24 hr at rt furnished (±)-methyl 0-
acetylmandelate 1a in 98% yield. The AmanoPS
catalyzed biphasic enzymatic hydrolysis" of 1a in
benzene plus pet. ether and 5 roM sodium
phosphate buffer of pH 7.0 at rt yielded a mixture
of (S)-methyl mandelate 2a and (R)-methyl
O-acetylmandelate 3a in a quantitative yield,
demonstrating -100% chemoselectivity (-OAc
hydrolysed rather than -COOMe). The mixture of
2a and 3a on separation by silica gel column
chromatography gave pure 2a and 3a in 47 and
50% yields respectively. The optical purity of 2a










of its MTPA derivative" (98-99% ee), revealing
very high enantioselectivity in the enzymatic
hydrolysis of 1a. The optical purity of the
unhydrolysed 3a was measured by specific
rotation". Compound 3a was deacylated in the
presence of a catalytic amount of K2C03 in
methanol at rt in 1 hr to obtain 4a in 95-96% yield.
The optical purity of 4a was determined by
specific rotation and 'H NMR of its MTPA-
derivative (90-92% ee). Similarly, the enzymatic
hydrolysis of 1b was performed to obtain 2b and
4b (via 3b) and the results obtained are
summarized in Table 1. It is seen that the presence
of p-methoxy group on the aromatic ring does not
affect9a the high chemo- and enantioselectivity of
the enzyme AmanoPS.
In summary we have demonstrated a enzymatic
resolution of (±)-methyl O-acetylmandelate using
AmanoPS with high yields and optical purities.
Experimental Section
General. Stereochemical assignments are based
. I . f h kn d 6c,'Oon optica rotation 0 t e own compoun s .
Optical rotations were measured on a JASCO DIP-
181 polarimeter. Melting points are uncorrected.
Column chromatographic separations were carried
out on ACME silica gel (100-200 mesh). (+)-
MTPA was used for 'H NMR estimation of % ee.
The enzyme AmanoPS (1420U) was obtained from
Amano pharmaceuticals [1 Unit corresponding to
micromoles of butyric acid (estimation by GC)
liberated from glyceryl tributyrate per min. per mg
of enzyme powder].
(±)-Methyl O-acetylmandelate 1a. To a
solution of methyl mandelate (2.0 g) in pyridine
(10 mL) was added acetic anhydride (5 ml.), and
the reaction mixture kept in the dark for 24 hr at rt.
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Table I-Biphasic AmanoPS catalyzed hydrolysis of methyl O-acetylmandelates 1
Solvent system Period (S)-methy1mandelate 2 (R)-methyl O-acetylmandelate 3
(1:2) (hr) Yield [a]D25 % ee Yield [a]D25 % ee
(%) (%)
la Ct;H6:Pet. ether 144 47 +144O(d) 98-99 50 -1460(e) 90-92
la C6H6: iso-octane 168 46 +144O(d) 98-99 50 -1450(e) 90-92
Ib C6H6:Pet. ether 144 42 +1390(0 96-97 55 -I 240(e) 72-74
Ib C6H6:lso-octane 168 44 +1400(0 97-98 54 -I 350(e) 78-80
(c) AmanoPS-1420U, Amano Pharmaceuticals, Japan, (d) Optical rotation in methanol (c=1.0)10. (e) Optical rotation in benzene
(C=1.9)5d.(f) Optical rotation in ethanol (c=I)9a.
Compd
Later it was concentrated in vacuo. The oily
residue was dissolved in ether (75 mL) and the
organic layer washed with water, aqueous
bicarbonate, brine and dried over Na2S04.
Concentration in vacuo followed by column
chromatographic purification gave pure la as a
thick oil in 98% yield; IR (neat): 1740, 1725 cm':
IH NMR (CDCh, 200 MHz): 8 2.20 (s, 3H,), 3.78
fs, 3H), 5.95 (s, IH), 7.25-7.50 (m, 5H); I3C NMR
(CDCh, 50 MHz): 820.3,52.2, 74.3, 127.6, 128.7,
129.1, 133.8, 169.1, 170.0. Similarly, Ib was also
obtained as a thick oil; IR (neat): 1740, 1725 cm':
IH NMR (CDCh, 200 MHz): 82.18 (s, 3H), 3.85
(s, 3H), 3.76, (s, 3H), 5.87 (s, IH), 6.95 (d, J=1O
Hz, 2H), 7.40 (d, J=1O Hz, 2H).
AmanoPS catalyzed hydrolysis of (±)-methyl
O-acetylmandelate la. A solution of la (208 mg,
1 mmole) in benzene-pet. etherlbenzene-isooctane
(1 :2) mixture (20 mL) was added to a suspension
of AmanoPS lipase (250 mg) in 5mM aqueous
sodium phosphate buffer of pH 7.0 (7 mL). The
reaction mixture was stirred at 25°C for 1441168 hr
and filtered through Celite and extracted with ethyl
acetate (15 mLx3). The combined organic layer
was washed with water, aqueous bicarbonate,
brine, dried over Na2S04 and concentrated under
vacuo to give an oily residue, which was subjected
to column chromatography. Elution with ethyl
acetate-pet. ether (15:85) gave 3a as a thick oil, 78
mg (47% yield) and 2a, 104 mg (50% yield), m.p.
56-58°C. Similarly Ib on AmanoPS catalyzed
hydrolysis furnished 3b as a thick oil (44% yield)
and 2b (54% yield), m.p. 63-6SoC.
(R)-Methyl mandelate 4a.To a solution of 3a
(100 mg) in dry methanol (3 mL) was added
anhyd. K2C03 (2-3 mg) and the reaction mixture
stirred at rt for I hr. Thereafter, it was filtered
through Celite and washed with methanol. The
combined methanol solution on concentration in
vacuo gave a thick oil which was dissolved in ethyl
acetate (15 mL) and dried over Na2S04. Removal
of ethyl acetate in vacuo followed by silica gel
column chromatographic purification gave 4a,
76 mg (95% yield), m.p. 56-58°C. Similarly 4b
was obtained from 3b (95-96% yield), m.p. 63-
65°C.
MTPA-esters 2a and 4a of (±)-methyl
mandelate. To a solution of methyl mandelate (17
mg, 0.1 mmole) in pyridine (0.4 mL) was added
O.SM solution of (5)-(+)-MTPA-CI in EDC (0.4
mL) at O°C and the reaction mixture further stirred
for 4 hr at rt. Usual aqueous work-up followed by
ether extraction (10 mLx2) , aqueous bicarbonate
wash, brine wash, Na2S04 drying and
concentration in vacuo furnished corresponding
MTPA derivative as thick oil.
MTPA-ester of (±)-methyl mandelate: IH
NMR (CDCh, 200 MHz): 8 3.58 (bs, 3H), 3.72
(bs, 3H), 3.75 (s, 3H), 3.79 (s, 3H), 6.10 (s, IH),
6.13 (s, IH), 7.30-7.70 (m, 20H).
. I
MTPA-ester of (S)-methyl mandelate 2a: H
NMR (CDCI3, 200 MHz): 8 6.10 (s, R-isomer),
6.30 (s, S-isomer). The integral ratios of these
protons indicated 98-99% ee of 2a.
MTPA-ester of (R)-methyl mandelate 4a: IH
NMR (CDCI3, 200 MHz): 8 6.10 (s, R-isomer),
6.30 (s, S-isomer). The integral ratios of these
protons indicated 90-92% ee of 4a.
MTPA-esters of (±)-methyl a-hydroxy-a-(4-
methoxyphen-yl)acetate 2b and 4b were prepared
similarly.
MTPA-ester of (±)-methyl p-methoxy-
mandelate. IH NMR (CDCh, 200 MHz): 83.55 (s,
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3H), 3.68 (s, 3H), 3.72 (s, 3H), 3.76 (s, 3H), 3.78
(s, 3H), 3.80 (s, 3H), 6.06 (s, IH), 6.08 (s, IH),
6.80-7.80 (m, 18H).
MTPA-ester of methyl (S)-a-hydroxy-(4-
methoxyphenyl)acetate 2b: IH NMR (CDCh, 200
MHz): ~ 6.06 (s, R-isomer), 6.08 (s, S-isomer). The
integral ratios of these protons indicated 97-98%
ee of2b.
MTPA-ester of methyl (R)-a-hydroxy-a-(4-
methoxyphenyl)acetate 4b: IH NMR (CDCh, 200
MHz): ~ 6.06 (s, R-isomer), 6.08 (s, S-isomer). The
integral ratios of these protons indicated 78-80 %
ee of 4b.
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